Epidemiological studies indicate that the incidence of colon cancer is positively correlated with the dietary intake of fat,' and negatively correlated with the intake of calcium. 4 To explain these associations it has been hypothesised" that dietary fat increases the colonic concentrations of soluble free fatty acids and secondary bile acids. These hydrophobic surfactants may damage colonic epithelial cells and consequently stimulate the proliferation of colonic crypt cells,67 which may increase the risk of colon cancer.' With regard to the protective effects of dietary calcium, Newmark et all hypothesised that soluble calcium (Ca2) in the intestinal lumen precipitates fatty acids and bile acids and thus prevents their lytic effects on colonic epithelium. They suggested that dietary phosphate inhibits this protective effect of calcium, because phosphate will also bind luminal calcium ions and thus reduce the amount of calcium available for fatty acid and bile acid precipitation.
The protective effects of dietary calcium on the lytic activity of faecal water and on colonic proliferation have been ascertained in many rodent and human studies."'"'2 However, the mechanism of these protective effects as well as the proposed inhibitory 
STATISTICS
Results are given as means of six rats per group with standard errors. After analysis of variance, differences between means were subjected to the least significant difference (LSD) test. Differences were regarded as significant if p<0 05.
Results
No differences were observed between groups in food intake (mean 13-0 g/day) or in final body weight (mean 175 g). The daily output of faeces was slightly enhanced by dietary calcium and decreased by dietary phosphate (Table I) .
First, we studied the intestinal interactions of calcium, phosphate, fatty acids, and bile acids in animals fed the low calcium and phosphate control diet or this diet supplemented with either calcium or calcium and phosphate. Figure 1 shows the effects of these diets on the concentra- (5) 25 (2) 27 (3) Values in the same row that do not share the same letter are significantly different (p<O0OS). rn* mentation with phosphate, especially in the colon and faeces. The total fatty acid and bile acid concentrations along the intestine are shown in Table II . Because of these diet induced differences in total fatty acid concentrations, the solubility of fatty acids and bile acids is expressed relative to their total concentrations (Fig 2) . Dietary calcium supplementation drastically reduced the solubility of fatty acids in the ileum, and this effect was maintained in the colon and faeces. Calcium supplementation did not influence the solubility of bile acids in the ileum, but it reduced their solubility to about 20% in the colon and faeces. Additional phosphate supplementation did not affect the calcium induced reduction in solubility of fatty acids and bile acids.
Because of the similarity of the effects observed in the colon and faeces, we subsequently studied the concentration dependence of the effects of dietary calcium and phosphate in the faeces. Figures 3 and 4 show the effects of the different diets on the total faecal concentrations of calcium, phosphate, fatty acids, and bile acids. As expected, increased dietary calcium increased the total calcium in faeces and this was only slightly stimulated by phosphate supplementation of the high calcium diet (Fig 3) . Increased dietary calcium increased faecal phosphate because the formation of insoluble calcium phosphate inhibits the absorption of phosphate. This effect was more pronounced in rats taking the high phosphate diets. Dietary calcium supplementation drastically increased the total faecal fatty acid concentration (Fig 4) and this reflects the inhibition of the intestinal absorption offatty acids. This inhibition was partly counteracted by increased dietary phosphate. In contrast to fatty acids, the total bile acid concentration was hardly influenced by the different diets. The observed slight decrease in faecal bile acid concentration with increasing dietary calcium concentrations reflects the concomitant increase in faecal mass (Table I) Dietary calcium (pmol/g) Effects ofdietary calcium and phosphate on the intestinal interactions between calcium, phosphate, fatty acids, and bile acids3 Dietary calcium (,umol/g) inhibition is comparable with that found in other studies using similar amounts of calcium carbonate or calcium lactate.72"2" In our opinion, these results already suggest that the type of calcium salt does not interfere with the protective effects of dietary calcium on lytic activity of faecal water an on proliferation. In none of these studies, however, were the intestinal interactions between calcium, phosphate, fatty acids, and bile acids determined. Quantification of these interactions is essential for a proper discussion of the intestinal effects of dietary calcium and phosphate.
Dietary supplementation with calcium carbonate did not increase the soluble calcium concentrations along the intestine and in the faeces (Figs 1 and 5) , notwithstanding the large increase in the total faecal calcium concentrations (Figs 1 and 3) . The present results indicate that a substantial amount of this total calcium is associated with insoluble phosphate, which is in accordance with results obtained in other animal29 and human20 studies. As shown earlier,2930 calcium phosphate starts precipitating at a pH of about 6. Therefore, high concentrations of soluble calcium can only exist at the relatively low pH of the proximal small intestine,3' or when no phosphate is present, as can be derived from the observed negative correlation between the logarithm of the solubility product of calcium phosphate and the pH of faecal water.
Increased dietary calcium drastically increased the faecal excretion of fatty acids (Fig 4) , which has also been found in other studies.2032 This reflects inhibition of the absorption of dietary fat. On the low phosphate diets this inhibition is probably caused by precipitation of fatty acids by high concentrations of soluble calcium in the proximal small intestine. As shown in Figure 2 , this effect of calcium on the solubility of fatty acids persisted in the ileum and colon. The stimulation of fatty acid excretion was slightly counteracted by dietary phosphate (Fig 4) , which indicates that under these conditions, formation of insoluble calcium phosphate had already occurred in the proximal small intestine. Our results indicate that this effect of phosphate is confined to the proximal small intestine because increased dietary phosphate did not significantly increase the solubility of fatty acids in the ileum, colon, and faeces (Fig 2) . We do not, at present, have an adequate explanation for the apparently anomalous effect of phosphate on the fatty acid concentration in faecal water in rats fed the low calcium diet, and this requires further investigation.
The present results show that dietary calcium has a site specific effect on the solubility of bile acids. It The observation that bile acids are not precipitated by calcium in the ileum, where reabsorption of bile acids takes place, explains why total faecal bile acid output is hardly affected by dietary calcium (Fig 4) . In contrast, fatty acid excretion is strongly increased by dietary calcium, suggesting that fatty acids are precipitated by calcium before the absorption site, the proximal small intestine, is reached. These findings indicate that the total faecal concentrations offatty acids and bile acids are not determined by the amount of intraluminally formed complexes, as was recently suggested by Appleton et al,34 but are determined by the site at which this occurs.
We found significant negative correlations in faeces between soluble fatty acids and bile acids and insoluble calcium and phosphate. Although correlations never prove a causal relationship, they may indicate that the solubilities of fatty acids and bile acids are determined by insoluble calcium phosphate. This is in accordance with our in vitro studies,'43 showing that calcium phosphate decreases the solubility of bile acids.
Finally, a pertinent finding of the present study is that the protective effect of dietary calcium on the lytic activity of faecal water correlated with its effect on the concentrations of soluble fatty acids and bile acids (Fig 6) , but not with their total concentrations (Fig 4) . In accordance with the results ofseveral other studies,"' '3 15 this indicates that these soluble surfactants are the main determinants of luminal lytic activity. We recently found that this luminal lytic activity is highly correlated with in vivo proliferation of colonic epithelium,"'`which indicates that these soluble surfactants may affect the risk of colon cancer.8 36 In conclusion these results show that dietary calcium stimulates the formation of insoluble calcium phosphate and decreases the luminal solubility of fatty acids and bile acids in rats. Luminal lytic activity is consequently inhibited. These protective effects of calcium are not inhibited by a fourfold increase in dietary phosphate.
